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Abstract

Background: Early gastric carcinoma is heterogeneous and can be divided into early gastric cardiac carcinoma
(EGCC) and early gastric non-cardiac carcinoma (EGNCC) groups. At present, differences in clinicopathology remains
obscure between EGCC and EGNCC fundus—corpus and antrum-angularis—pylorus subgroups, especially between
EGCC with and without oesophageal invasion.

Methods: In this study, we studied 329 consecutive early gastric carcinoma radical gastrectomies with 70 EGCCs and
259 EGNCCs.

Results: Compared to the EGNCC antrum-angularis—pylorus (n=181), but not fundus—corpus (n =78), sub-group,
EGCC showed significantly older age, lower prevalence of the grossly depressed pattern, better tumor differentiation,
higher percentage of tubular/papillary adenocarcinoma, but lower frequency of mixed poorly cohesive carcinoma
with tubular/papillary adenocarcinoma, and absence of lymph node metastasis (LNM) in tumors with invasion up

to superficial submucosa (SM1). In contrast, pure poorly cohesive carcinoma was less frequently seen in EGCCs than
in EGNCCs, but mixed poorly cohesive carcinoma with tubular/papillary adenocarcinomas was significantly more
common in the EGNCC antrum-angularis—pylorus sub-group than in any other group. No significant differences were
found between EGCC and EGNCC sub-groups in gender, tumor size, H. pylori infection rate, and lymphovascular/peri-
neural invasion. EGCC with oesophageal invasion (n=22), compared to EGCC without (n =48), showed no significant
differences in the H. pylori infection rate and oesophageal columnar, intestinal, or pancreatic metaplasia, except for a
higher percentage of the former in size > 2 cm and tubular differentiation.

Conclusions: There exist distinct clinicopathologic differences between EGCC and EGNCC sub-groups; EGCC was
indeed of gastric origin. Further investigations with larger samples are needed to validate these findings.
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Background

Gastric cancer is heterogeneous in epidemiology, pathol-

ogy, and pathogenesis mechanisms, and may be divided
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carcinoma (EGC). Once EGC is diagnosed, endoscopic
therapy, such as endoscopic mucosal resection and endo-
scopic submucosal dissection, has gradually replaced
conventional surgical resections in selected cases because
of fewer complications, better post-resection recovery,
and lower hospital cost. The current selection criteria for
endoscopic therapy are mainly based on the risk of lymph
node metastasis (LNM) in patients with EGC [3]. How-
ever, it remains elusive about the differences in the risk
of LNM between early gastric cardiac carcinoma (EGCC)
and early gastric non-cardiac carcinoma (EGNCC). Pre-
vious studies have shown that advanced gastric cardiac
cancer may have clinicopathological features and patho-
biological behaviors distinctly different from gastric
non-cardiac cancer because of higher pT and pN stages
and poorer prognosis [4, 5]. We hypothesized that these
differences may be related, at least in part, to various
mucosal epithelial cell types housed in 3 different gastric
regions: cardia, fundus—corpus, and antrum-angularis—
pylorus. As such, EGC from these 3 different regions of
the stomach may have discrete clinicopathologic features
and various risks of LNM, which, however, have not been
studied, especially for EGCC with and without oesopha-
geal invasion sub-groups, to the best of our knowledge.
Thus, the aims of the present study were to investigate
clinicopathology and risk of LNM in EGC arising in the
gastric cardia, fundus—corpus, and antrum-angularis—
pylorus regions in patients treated at our center in the
Jiangsu Province, which is one of gastric cancer endemic
regions in China.

Methods

Patient selection

We searched the electronic pathology database stored
in the Jiangsu Province Hospital of Chinese Medicine
in Nanjing, China, over the 7-year period from January
2011 to December 2017 for gastric cancer radical resec-
tion and collected 2184 consecutive cases with patho-
logically confirmed gastric cancer. According to the
2019 World Health Organization (WHO) diagnostic
criteria [6], 443 EGC cases were identified. Two expe-
rienced pathologists reviewed histological slides of all
EGC cases, 114 of which were excluded because of stump
carcinoma (n=11), synchronous carcinoma (n=2),
high-grade intraepithelial neoplasia without invasive
carcinoma (n=27), lymphoma (n=2), and neoadjuvant
chemotherapy (n=72). As a result, 329 EGC cases were
eligible for this study. The clinicopathological character-
istics of all selected cases, based on pathologic and endo-
scopic reports and operative notes, were tabulated and
analyzed, which included gender, age, tumor location,
size, and gross patterns. Each case was pathologically
staged, according to the 8th edition of the American Joint
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Committee on Cancer staging manual [7]. In this study,
all patient’s private information was deleted to protect
the patient’s privacy. The study protocol was approved
by the hospital Medical Ethics Committee (Number:
2019NL-098-02).

Pathologic study
The 5th edition WHO diagnostic criteria on gastric car-
cinoma were followed and EGC was defined as invasive
carcinoma confined to the mucosa or submucosa [6].
EGCC referred to the tumor with its epicenter located
within 3 cm below the gastroesophageal junction (GEJ)
[8]. For EGNCC, the tumor epicenter was situated in the
distal stomach, more than 3 cm below the GEJ either in
the fundus—corpus region of the stomach or more dis-
tally in the gastric antrum-—angularis—pylorus region.
Tumor gross features were divided into 5 subgroups: type
0-I (polypoid/protruding), type 0-Ila (superficial ele-
vated), type O-1Ib (flat), type 0-1Ic (superficial depressed),
and type O-III (excavated) [6]. These 5 sub-subgroups
were further simplified into 3 sub-groups: Types 0-I
and 0-IIa were sub-grouped as the elevated type; Type
0-IIb as the flat type, and Types 0-Ilc and O-III as the
depressed type, for a simplified statistical analysis. The
depth of tumor invasion was divided into 4 sub-groups
as follows: M2 (tumor infiltration confined to the lam-
ina propria without the involvement of the muscularis
mucosae), M3 (tumor invasion into muscularis mucosae),
SM1 (tumor involvement of submucosal superficial layer
with the infiltration depth<500 pm from the muscula-
ris mucosae), and SM2 (tumor involving the submucosal
deep layer with the infiltration depth>500 um from the
muscularis mucosae). Lymphovascular invasion and peri-
neural invasion were also recorded. In equivocal cases,
routine histochemical elastic fiber staining and immu-
nostaining for CD31 and D2-40, with valid controls, were
carried out to validate the finding of lymphovascular
invasion recognized on conventional hematoxylin—eosin
stained sections. Guided by the WHO diagnostic crite-
ria [6], we tabulated and analyzed tumor differentiation
(well, moderate, or poor) and histopathological type
(tubular adenocarcinoma, papillary adenocarcinoma,
micropapillary adenocarcinoma, poorly cohesive car-
cinoma [PCC] including signet-ring cell carcinoma,
mucinous carcinoma, mixed PCC and tubular/papillary
adenocarcinoma, mixed mucinous and tubular/papillary
adenocarcinoma) of EGC. Helicobacter pylori (HP) infec-
tion was confirmed by microscopic identification of the
bacterium on routine hematoxylin—eosin and basic fuch-
sin stained sections with appropriate controls.

In most Chinese patients, endoscopic mucosal GEJ and
squamous-columnar epithelial junction lines overlap at
the same level [9]. Microscopically, the histologic criteria
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for the GE]J line were defined as the distal end of oesoph-
ageal squamous epithelium, multilayered epithelium or
oesophageal submucosal glands or ducts [10]. Once the
GEJ line was identified, the tumor epicenter location
and the extend of tumor invasion were determined; the
distance of oesophageal invasion was measured micro-
scopically with the assistance of an ocular scale bar. In
addition, distal oesophageal columnar metaplasia, intes-
tinal metaplasia, pancreatic metaplasia, and dysplasia
were also studied and analyzed.

Statistical analysis

Differences between groups with continuous or categori-
cal variables were statistically compared with appropriate
statistical methods, such as Student t, X%, Fisher’s exact,
or Kruskal-Wallis H test. P values < 0.05 were considered
statistically significant. All statistical analyses were per-
formed with SPSS software, version 13.0 (IBM, Armonk,
NY, USA).

Results

As shown in Table 1, among 329 consecutive eligible
EGC cases, 70 were classified as EGCC (21.9%, 70/329)
and 259 (78.1%, 259/329) were classified as EGNCC. In
the EGNCC group, 78 (24.5%, 78/329) were in the fun-
dus—corpus region and 181 (56.7%, 181/329) were in the
antrum—angularis—pylorus region. Overall, the num-
ber of male patients was predominant in all groups but
the difference in gender was not statistically significant.
In contrast, the average age of patients was 60.2 years
(range: 18-83) for the cohort and significantly much
older in EGCC than in other sub-groups (P<0.01).

Macro- and microscopic differences in pathology
between early gastric cardiac and non-cardiac carcinomas
As shown in Table 1, while overall differences in macro-
scopic growth patterns of EGC were significant between
EGCC and EGNCC groups (P<0.05), there were no sig-
nificant variations in the elevated or flat sub-group of
EGC between the two groups, despite the fact that the
frequency of the elevated pattern was more commonly
seen in the former (10.0%) than in the latter (7.3%). How-
ever, EGC tumors with the depressed pattern (Types
0-IIc and O-III) were significantly less commonly seen
in the EGCC group (67.1%) than in the antrum-angula-
ris—pylorus group (81.2%) (P<0.05), but not in the fun-
dus—corpus sub-group of ENGCC tumors. Statistically,
differences in overall tumor size and invasion depth were
not significant between EGCC and ENGCC sub-groups.
In this cohort, differences in the EGC histologic type
were significantly different between EGCC group and
EGNCC sub-groups (P<0.01). As displayed in Table 1,
tubular and papillary (Fig. 1a) adenocarcinomas were
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more frequently seen in the former than in the latter,
especially for papillary adenocarcinoma that was signifi-
cantly more prevalent in EGCC (18.6%) than in EGNCC
(5.0%) (P<0.05). In contrast, pure PCC (Fig. 1b) was
significantly less frequently observed in EGCC than in
EGNCC fundus—corpus and antrum-—angularis—pylorus
sub-groups (P<0.05), while mixed PCC with tubular/
papillary adenocarcinoma was more commonly seen in
the antrum—angularis—pylorus (P <0.05), but not the fun-
dus—corpus, sub-group of EGNCC. There were no sig-
nificant differences in uncommon variants of EGC, such
as micropapillary adenocarcinoma (Fig. 1c), pure and
mixed mucinous adenocarcinomas, neuroendocrine and
adenosquamous carcinomas, and carcinoma with lym-
phoid stroma, between EGCC and EGNCC sub-groups.
In the cohort, tumor differentiation was significantly dif-
ferent (P<0.05) between the EGCC and EGNCC groups.
Although well differentiation in EGC was more com-
monly noted in EGCC (24.3%) than in EGNCC (10.0%)
groups, the difference did not reach a statistically sig-
nificant level. However, poor differentiation in EGC was
significantly less commonly identified in EGCC (15.7%)
than in EGNCC (43.6%) groups (P<0.05). There were
no significant differences between EGCC and EGNCC
groups in lymphovascular invasion, perineural invasion,
HP infection, and LNM.

Depth of invasion and lymph node metastasis

The average number of regional lymph nodes retrieved
and examined per case was 21.5 (range: 2—68). As illus-
trated in Table 2, the prevalence of LNM in the cohort
was 5.7% (9/158) for intramucosal carcinoma and signifi-
cantly increased to 23.4% (40/171) for submucosal car-
cinoma (P<0.01). Surprisingly, no LNM was detected in
38 EGCC cases with the invasion depth up to superficial
submucosa, ie, M2+ M3+ SM1; thus, the prevalence of
LNM was significantly lower in EGCC than in EGNCC
(9.2%, 15/163) groups (P<0.05). Specifically, the percent-
age of LNM in EGNCC was 6.8% (4/59), 7.0% (5/71), and
18.2% (6/33) for invasion depth at M2, M3, and SM1,
respectively. There was no significant difference in risk
of LNM of EGC with deep submucosal invasion (SM2)
between EGCC and EGNCC sub-groups.

Early gastric cardiac carcinoma with oesophageal invasion
In this study, 22 (31.4%, 22/70) EGCC tumors showed
their epicenters in the gastric cardia with a small pro-
portion of the tumor crossing the GEJ line into the dis-
tal oesophagus (Fig. 2a), extending to an average distance
of 4.16 mm (range: 1-10), primarily underneath benign
oesophageal squamous epithelium. No Barrett’s oesoph-
agus was recognized in all 22 EGCC cases. In addition,
high-grade intraepithelial neoplasia was observed in
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Table 1 Comparison of clinicopathologic features of EGC among different locations

Clinicopathologic factor Tumor location p value
Cardia Fundus-corpus  Antrum- Non-cardia Total
angularis—
pylorus
Number 70(21.9) 78 (24.5) 181 (56.7) 259 (78.1) 329 NS
Gender
Male 50(71.4) 53(67.9) 121 (66.9) 174 (67.2) 224 (68.1) NS
Female 20 (28.6) 25 (32.1) 60 (33.1) 85 (32.8) 105 (31.9)
M/F ratio 2.50 212 202 2.05 213
Age (year)
<40 0(0.0) 2(2.6) 12 (6.6) 14 (54) 14 (4.3) NS
41-69 54(77.1) 62 (79.5) 139 (76.8) 201 (77.6) 255(77.5)
>70 16 (22.9) 14 (18.0) 30 (16.6) 44 (17.0) 60(18.2)
Average (SD) 6433+7.14  60.77+£10.18 5826+11.94 59001+£1148  60.15+10.91 <001
Macroscopic feature
| 5(7.1) 1(13) 8(44) 9(35) 14 (4.3) <0.05
lla 2(29) 2(2.6) 8 (4.4) 10 (3.9 12 (3.6)
b 16 (22.9) 14(17.9) 18(9.9) 32(124) 48 (14.6)
lic 23(32.9) 24 (30.8) 58 (32.0) 82(31.7) 105 (31.9)
Il 24 (34.3) 37 (47.4) 89 (49.2) 126 (48.6) 150 (45.6)
I+lla 7(10.0) 3(3.8) 16 (8.8) 19(7.3) 26 (7.9) <0.05
IIb 16 (22.9) 14 (17.9) 18 (9.9) 32(124) 48 (14.6)
llc+1il 47 (67.1) 61(78.2) 147 (81.2) 208 (80.3) 255(77.5)
Size (cm)
<09 11(15.7) 15(19.2) 34(18.8) 49 (18.9) 60 (18.2) NS
1-1.9 27 (38.6) 27 (34.6) 59 (32.6) 86 (33.2) 113(34.3)
2-29 20 (28.6) 21(26.9) 51(282) 72 (27.8) 92 (28.0)
>3 12(17.1) 15(19.2) 37 (20.4) 52 (20.1) 64 (19.5)
Invasion depth
M2 9(12.9) 17 (21.8) 42 (23.2) 59 (22.8) 68 (20.7) NS
M3 19 (27.1) 19 (24.4) 52(2838) 71(27.4) 90 (27.4)
SM1 10 (14.3) 10(12.8) 23(12.7) 33(127) 43(13.1)
SM2 32 (45.7) 32 (41.0) 64 (35.4) 96 (37.1) 128 (38.9)
Histology type
Tubular adenocarcinoma 40 (57.1) 42 (53.8) 81 (44.8) 123 (47.5) 163 (49.5) <0.01
Papillary adenocarcinoma 13(18.6) 2(26) 11(6.1) 13 (5.0) 26(7.9)
Micropapillary adenocarcinoma 1(1.4) 1(1.3) 2(1.1) 3(1.2) 4(1.2)
Poorly cohesive carcinoma 2(2.9) 14 (17.9) 32(17.7) 46 (17.8) 48 (14.6)
Mucinous carcinoma 1(1.4) 2(2.6) 1(0.6) 3(1.2) 4(1.2)
Mixed PCC and adenocarcinoma 6 (8.6) 15(19.2) 45 (24.9) 60 (23.2) 66 (20.1)
Mixed mucinous and tubular adenocarcinoma 3(4.3) 1(1.3) 5(2.8) 6(2.3) 9(2.7)
Others (neuroendocrine/medullary/adenosqu- 4 (5.7) 1(1.3) 4(2.2) 5(1.9 9(2.7)
mous carcinoma)
Differentiation
Well 17 (24.3) 9(11.5) 17 (9.4) 26 (10.0) 43 (13.1) <0.05
Moderate 42 (60.0) 37 (474) 83(45.9) 120 (46.3) 162 (49.2)
Poorly 11(15.7) 32(41.0) 81 (44.8) 113 (43.6) 124 (37.7)
Lymphovascular invasion
Absence 59 (84.3) 69 (88.5) 149 (82.3) 218(84.2) 277 (84.2) NS
Presence 11(15.7) 9(11.5) 32(17.7) 41(15.8) 52(15.8)

Perineural invasion
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Table 1 (continued)
Clinicopathologic factor Tumor location p value
Cardia Fundus-corpus  Antrum- Non-cardia Total
angularis-
pylorus
Absence 67 (95.7) 76 (97.4) 172 (95.0) 248 (95.8) 315(95.7) NS
Presence 3(43 2(2.6) 9(5.0) 11(4.2) 14 (4.3)
HP
Absence 52(74.3) 49 (62.8) 131 (72.4) 180 (69.5) 232 (70.5) NS
Presence 18 (25.7) 29(37.2) 50 (27.6) 79 (30.5) 97 (29.5)
LNM
Absence 63 (90.0) 66 (84.6) 151 (83.4) 217 (83.8) 280 (85.1) NS
Presence 7(10.0) 12(154) 30(16.6) 42(16.2) 49 (14.9)
N1 5(7.1) 6(7.7) 13(7.2) 19(7.3) 24(7.3)
N2 1(1.4) 5(6.4) 11(6.1) 16 (6.2) 17 (5.2)
N3 1(14) 1(13) 6(3.3) 72.7) 8(24)

SD standard deviation, PCC poorly cohesive carcinoma, NS not significant

Fig. 1 Representative images of papillary

gee

cardiac mucosa adjacent to invasive carcinoma in the
gastric cardia (Fig. 2b), suggesting that EGCC origi-
nated in the gastric cardiac mucosa. As demonstrated
in Table 3, epithelial columnar metaplasia in the distal
oesophagus was seen in 50 (71.4%, 50/70) cases, among
which columnar mucinous metaplasia was in 34 (68.0%,
34/50), pancreatic metaplasia was in 13 (26.0%, 13/50),
and intestinal metaplasia was found only in 3 cases (6%,
3/50). No epithelial dysplasia was identified in meta-
plastic epithelium. Compared to EGCC cases without
oesophageal involvement (68.6%, 48/70), EGCC cases
with oesophageal invasion showed no significant differ-
ences in gender, age, tumor origin, epithelial metaplasia,
tumor macroscopic pattern, overall size, invasion depth,
differentiation, lymphovascular or perineural invasion,
and LNM. Interestingly enough, the prevalence of cases
with tumors larger than 2 c¢cm in size was significantly
more frequently present in EGCCs with oesophageal
invasion (68.2%, 15/22) than those without (35.4%, 17/48)

(P<0.05) and the overall difference in the microscopic
tumor type was also statistically significant between the
two sub-groups (P<0.01), in that EGCC tumors with
oesophageal invasion showed a significantly lower pro-
portion of tubular adenocarcinoma than those without
oesophageal invasion.

Discussion

In this single-center clinicopathology study, we showed
several important features in EGCC, compared to
those in EGNCC subgroups, including more advanced
patient age, better tumor differentiation, higher preva-
lence of tubular, especially papillary adenocarcinomas,
but lower percentages of poor tumor differentiation
and PCC. No significant differences were observed in
gender, HP infection rate, tumor size, lymphovascular/
perineural invasion between the two groups, but LNM
in EGCC with invasion up to SM1 was absent. Impor-
tantly, we showed no significant differences in the HP
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Table 2 Comparison of relationship of invasion depth
and lymph nodal metastasis of different sites

Invasion LNM Total (%) EGCC (%) EGNCC (%) p value

depth

M2 With LNM 4(5.9) 0(0.0) 4(6.8) NS
No LNM 64(94.1)  9(1000) 55(93.2)

M3 With LNM 5(56) 0(0.0 5(7.0) NS
No LNM 85(94.4) 19(1000) 66(93.0)

SM1 With LNM 6(140) 0(0.0) 6(182) NS
No LNM 37(86.0) 10(100.0) 27(81.8)

SM2 With LNM 34 (266) 7(21.9) 27 (28.1) NS
No LNM 94 (734) 25(78.1) 69 (71.9)

M2 and M3 With LNM 9(5.7)  0(0.0) 9(6.9) NS
No LNM  149(94.3) 28(100.0) 121(93.1)

M2+M3and  WithLNM 15 (7.5) 0(0) 1509.2) <0.05

SM1

No LNM 186 (92.5) 38(100.0) 148(90.8)

SM1and SM2  With INM 40 (234) 7(16.7) 33(25.6) NS
No LNM 131 (76.6) 35(83.3) 96 (74.4)

Total With LNM 49 (14.9)  7(10.0) 42(16.2) NS
No LNM 280(85.1) 63(90.0) 217(83.8)

NS not significant

infection rate, the prevalence of intestinal metaplasia,
and the risk of LNM between EGCC with and without
oesophageal invasion sub-groups. Moreover, intestinal
metaplasia in the distal oesophageal columnar meta-
plastic epithelium remained rare (6%) in EGCC cases
with oesophageal invasion. These findings, if confirmed
with larger samples in the future, may have lasting
impact on the current clinical management strategy for
patients with EGC, especially EGCC.
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EGC heterogeneity is well-known in risk factors, his-
topathology, molecular pathobiology, and prognosis. The
percentage of EGCC in our cohort was much higher than
that previously reported in Japan [11, 12], Korea [13],
and The United States [14], but similar to those reported
in China [15, 16], illustrating marked geographic varia-
tions in this cancer. By histopathology, the vast majority
of EGCC tumors in our study were tubular and papillary
adenocarcinomas, but PCC was uncommon, which is
in sharp contrast to EGNCC, as we previously reported
[15, 16]. These morphologic differences between EGCC
and EGNCC may be related to various genomic types of
gastric carcinoma in that the chromosomal instability-
type gastric carcinoma, mainly manifested as tubular/
papillary adenocarcinoma, is much more common, but
the genomic stable variant, such as PCC, is much less
frequent in the gastric cardia, compared to distal gastric
non-cardiac regions [17]. We did not observe significant
histopathologic differences between EGNCC fundus—
corpus and antrum-angularis—pylorus subgroups. This
may be related, in part, to small sample sizes of cases in
the current study and await investigations with larger
samples in the future.

While HP infection has been shown to be the most
important risk factor for EGC and inversely correlated
to Barrett’s adenocarcinoma [18], we did not see signifi-
cant differences in the HP infection prevalence between
EGCC and EGNCC, as we reported previously [15, 16,
19], suggesting an important role of the HP infection
in EGCC pathogenesis. Apparently, the pathogenesis
mechanisms of EGCC differ from those of Barrett’s ade-
nocarcinoma but more like those of gastric carcinoma.
Indeed, the prevalence of the HP infection in our study
(29.5%) is lower than that (42%) reported in a most recent

mucosa was showed

Fig. 2 Early gastric cardiac carcinoma vvlth oesophageal invasion. a A smaII component of early gastric cardlac carcinoma mvades into the distal
oesophagus between superficial oesophageal glands and squamous epithelium. b The high-grade intraepithelial neoplasia in the pericancerous
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Table 3 Comparison of clinicopathologic factors of early gastric cardiac with or without oesophageal invasion

Clinicopathologic factor Oesophageal invasion Total P value
Without With
Number 48 22 (1-10 mm, 70 NS
4164282 mm)
Gender
Male 37 (77.1) 13 (59.1) 50 (71.4) NS
Female 11(22.9) 9 (40.9) 20 (28.6)
M/F ratio 3.36 1.44 250
Age (year)
<40 000 0 0 NS
41-69 35(72.9) 19 (86.4) 54 (77.1)
>70 13(27.1) 3(13.6) 16 (22.9)
Average (SD) 6444 +757 63.14+7.88 64.03+£7.63 NS
Origin
Gastric 48 (100) 22 (100) 70 (100) NS
Oesophagus 0(0) 0(0) 0(0)
Metaplasia
Without 14 (29.2) 6(27.3)) 20 (28.6) NS
Columnar cell 23 (47.9) 11 (50.0) 34 (48.6)
Pancreatic 10 (20.8) 3(13.6) 13(18.6)
Goblet cell 1(2.1) 2(9.1) 3(43)
Macroscopic feature
I 3(6.3) 2(9.1) 5(7.) NS
lla 2(42) 0(0) 229
llb 10 (20.8) 6(27.3) 16 (22.9)
llc 17 (35.4) 6(27.3) 23(329)
Il 16 (33.3) 8(36.4) 24 (34.3)
I+ 1la 5(104) 2(9.1) 7(10.0) NS
Ilb 10(20.8) 6(27.3) 16 (22.9)
llc+1 33(68.8)31 14 (63.6) 47 (67.1)
Size (cm)
<09 10 (20.8) 2(9.1) 12(17.1) NS
1-19 21 (43.8) 5(22.7) 26 (37.1)
2-29 12 (25.0) 8(36.4) 20 (28.6)
>3 5(104) 7(31.8) 12(17.1)
Invasion depth
M2 7(14.6) 2(9.1) 9(12.9)) NS
M3 14 (29.2) 5(22.7) 19 (27.1)
SM1 7(14.6) 3(13.6) 10 (14.3)
SM2 20 (41.7) 12 (54.5) 32 (45.7)
Histology type
Tubular adenocarcinoma 32 (66.7) 8(36.4) 40 (57.1) <0.05
Papillary adenocarcinoma 7 (14.6) 6(27.3) 13(18.6)
Micropapillary adenocarcinomaa 120 0(0) 1(1.4)
Poorly cohesive carcinoma 1(2.1) 1(4.5) 2(2.8)
Mucinous carcinoma 1(2.1) 0(0) 1(1.4)
Mixed PCC and adenocarcinoma 3(6.3) 3(13.6) 6 (8.6)
Mixed mucinous and tubular adenocarcinoma 1(2.1) 2(9.1) 3(43)
Neuroendocrine/medullary /adenosquamous/clear cell 2(4.2) 29.1) 4(5.7)

carcinoma

Differentiation
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Table 3 (continued)
Clinicopathologic factor Oesophageal invasion Total Pvalue
Without With
Well 13(27.1) 4(182) 17 (24.3) NS
Moderate 28(583) 14 (63.6) 42 (60.0)
Poorly 7 (14.6) 4(18.2) 11(15.7)
Lymphovascular invasion
Absence 42 (87.5) 17(77.3) 59 (84.3) NS
Presence 6(12.5) 5(227) 11(15.7)
Perineural invasion
Absence 46 (95.8) 21(95.5) 67 (95.7) NS
Presence 242 1(4.5) 343
Lymph node metastasis
Absence 43 (89.6) 20(90.9) 63 (90.0) NS
Presence 5(104)) 2(9.1) 7(10.0)
N1 4(83) 1(4.5) 5(7.1)
N2 1) 0(0) 1(14)
N3 0(0.0) 1(4.5) 1(1.4)

SD standard deviation, PCC poorly cohesive carcinoma, NS not significant

meta-analysis from China [20]. It is well-known that HP
infection can be diagnosed with a variety of methods
with similar sensitivity and specificity, but the histologic
method remains most accurate [21], as we carried out
in our study. In patients after a successful treatment of
HP infection, the morphologic changes may be different
and we may not be able to know the presence or absence
of HP infection in those cases, we could not exclude
the possibility of underestimation of this infection in
our cohort. On the other hand, advanced age was again
revealed to be significantly more commonly observed in
EGCC than in EGNCC groups, as reported previously
[15, 16, 19]. Although detailed mechanisms on aging-
related tumorigenesis for EGCC remain unknown, these
results suggest different pathogenesis pathways between
EGCC and EGNCC.

Compared to EGNCC, EGCC tumors invaded deeper
with a higher percentage of cases with submucosal
invasion, as we reported recently in a multicenter study
[22]. Submucosal EGC has been shown to have aggres-
sive behaviors with high risk for LNM [16, 23]. In our
study, this is true for EGNCC, but not for some EGCC
cases, in which no LNM was observed in EGCC cases
with invasion up to superficial submucosa (SM1). This
finding may be related to small samples with SM1
EGCC, but the result may at least suggest a lower risk
of LNM in SM1 EGCC and lent support to the role of
endoscopic therapy for intramucosal and some quali-
fied superficial submucosal EGCC tumors [22]. EGCC
has a very low risk of LNM, due to a variety of factors,
such as marked thickening of muscularis mucosa and

submucosa [24], fewer cases with mixed poorly cohe-
sive carcinoma, better tumor differentiation, and more
cases with Epstein—-Barr virus (EBV) infection-related
carcinoma in the gastric cardia [25].

EGCC pathologic staging stays controversial. Accord-
ing to the 8th edition of the American Joint Commit-
tee on Cancer staging manual [7], if tumor epicenter
is located 2 cm below the GEJ line with invasion into
distal oesophagus, EGCC is required to be classi-
fied and staged as oesophageal carcinoma. This deci-
sion assumed that gastric cardiac carcinoma with
oesophageal invasion might be a part of Barrett’s
adenocarcinoma [26]. This appears to be debatable.
In our cohort, HP infection in EGCC was common
but intestinal metaplasia in the oesophageal colum-
nar metaplastic epithelium was rare, unlike in Bar-
rett’s adenocarcinoma. In addition, ogastroesophageal
reflux disease, hiatal hernia, and Barrett’s oesopha-
gus and adenocarcinoma continue to be scarce in our
study patient population. Furthermore, we did not dis-
cover significant differences in gender, age, oesopha-
geal columnar/intestinal metaplasia, and LNM between
EGCC with and without oesophageal invasions. In
genomics, ERBB2, VEGFA, GATA4 and GATAG6 gene
amplifications were frequently observed in Barrett’s
adenocarcinomas, which strongly resemble the chro-
mosomally unstable variant of gastric adenocarcinoma
[27]. Salem [28] had also shown that esophageal squa-
mous cell carcinoma has unique molecular features,
while gastric adenocarcinoma and esophageal adeno-
carcinoma have similar molecular characteristics.
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These lines of evidence argue against the classification
and staging of EGCC with focal oesophageal invasion
as oesophageal carcinoma.

Major limitations of this study include the retrospec-
tive study design with no standardized lymphadenectomy
so that the number of lymph nodes retrieved varied.
However, the overall quality of nodal retrieval remained
sound because of a high average number of lymph nodes
(over 21) retrieved per case in this cohort. The other
undesirable issue in this study was the small number of
EGC cases in 3 sub-regions (cardia, fundus—corpus, and
antrum-angularis—pylorus) so that differences in several
clinicopathologic variables could not be effectively ana-
lyzed statistically. To overcome this short-coming, our
next research plan was to expand the current investiga-
tion into a multi-center study, which is on-going, to ver-
ify the results of this single-center study.

Conclusions

In summary, EGCC, compared to EGNCC, showed more
advanced patient age, better tumor differentiation, higher
percentage of tubular and papillary adenocarcinomas,
but lower frequency of PCC, and lower risk of LNM.
EGCC with epicenter in the gastric cardia may invade the
oesophagus, but with rare intestinal metaplasia and high
prevalence of HP infection in our cohort, which support
the classification of EGCC as gastric, not oesophageal,
carcinoma. Further investigations with larger samples in
multi-center studies are urgently needed to validate our
findings for a better understanding of EGCC and more
appropriate patient management strategy.
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